Abstract -An array of planar Langmuir probes built on the surface of a 75 mm diameter Si wafer was used to measure the spatial and temporal variation of the ion flux impinging on the wafer surface in presence of a plasma instability.
Spatial distribution of the ion flux across the wafer determines the uniformity of etching in plasma reactors. Plasma instabilities can produce radially asymmetric "hot spots" in ion and radical densities [1, 2] . These "hot spots" move in space and time periodically or chaotically often resulting in nonuniform and irreproducible etching [1] [2] [3] [4] . While time-averaged radially resolved measurements of ion densities in plasma reactors using Langmuir probes above the wafer is common, there are very few two dimensional (r,θ) temporally resolved ion flux measurements. We have designed, built, and used an array of planar Langmuir probes on a 75 mm diameter wafer to measure the variation of ion flux and its spatiotemporal distribution at the plane of the wafer in an inductively coupled plasma reactor. In this brief article, we demonstrate the use of this probe array to detect, monitor, and display the spatiotemporal variation of the ion flux in presence of a plasma instability.
An array of ten circular metal probes and electrical connections to outside circuitry was patterned using evaporation on a 75 mm diameter Si wafer covered with a thick (>1 µm) SiO 2 insulation layer. The metal connections to the outside circuitry were covered with an SiO 2 layer and/or epoxy, so that only the circular probes were exposed to the discharge. During the measurements, all the probes were biased at -70 V with respect to ground and maintained in the ion saturation regime of the probes' current-voltage characteristics. The current collected by each probe was determined by measuring the voltage drop across a precision resistor connected in series with the probe. The voltage drops across the resistors were sampled by scanning the array at 1kHz and digitized using National instruments SCXI platform with Lab View interface. Two-dimensional variation of the ion flux as a function of radial (r) and angular (θ) positions on the plane of wafer was determined by Kriging interpolation between the probes.
The ion flux distributions shown in Fig. 1 were collected in an inductively coupled plasma reactor described in detail in reference 5. Argon plasma is created using a spiral coil wrapped around a 150 mm diameter quartz tube and powered by a 13.56 MHz radio frequency generator. A 75 mm diameter wafer platen is positioned a few cm below the spiral coil and all measurements are done in the plane of this platen. A doughnut shaped power deposition and ion density profile is expected for this coil geometry with the maximum ion density coinciding with the edge of the wafer platen. At low pressure (50 mTorr) and power {Figs. 1(a)-(b)} the plasma is uniform as the plasma homogenizes by diffusion. As plasma power is increased {Fig. 1(c)} the discharge develops a region of higher ion flux at the edges of the wafer platen. At high pressures (500 mTorr) where the electron and ion diffusion rates are an order of magnitude lower than at 50 mTorr, high ionization rate near the discharge tube walls results in high ion flux at the edges of the wafer platen {Figs. 1(d)-(e)}. Surprisingly, the ion flux distribution is not radially symmetric as expected. While, the radial asymmetry could be due to imperfections in the concentricity of the coil and the quartz tube, the asymmetry does not always appear in the same side, which leads us to believe that imperfections in the coil are not the primary cause of this symmetry breaking. In fact, at high pressure and power ( Fig. 1(f) ) a region of high ion flux ("a hot spot") develops at the edge of the wafer at seemingly random positions. This "hot spot" rotates and moves around the edge as illustrated by ion flux distributions recorded at 1.5 s time intervals shown in Figs 1 (g)-(j) . The "hot spot" can also be seen visually through the quartz tube: the discharge in the region of the "hot spot" glows brighter than the rest of the plasma. The instability exists in a relatively narrow range of power and disappears when the plasma power is increased above 400 W. Several reasons have been discussed in the literature for plasma instabilities including oscillations between capacitive and inductive modes [4] . Even though the only gas fed into the reactor is Ar, we can not discount the possibility of electronegative contaminants such as O 2 and H 2 O, which may be responsible for the observed instability [4] . The instability is observed with and without the probe indicating that the probe itself does not cause this phenomena. While we do not understand the exact nature of this instability, Fig. 1 represents the first two dimensional visualization of the spatiotemporal ion flux variation in presence of an instability. 
